Abstract: Nordic hamstring exercises (NHE) are promoted as an evidence-based strategy for reducing the prevalence of hamstring injuries in football, with a number of studies showing a significant reduction in hamstring injury rates following implementation of a NHE-based program. However, most of the research to date has been undertaken in soccer with less research carried out in other football codes. Despite this lack of relevant evidence, NHE has recently become popular as a preventative measure in Australian Rules football (ARF) teams; however, hamstring injuries remain high. This paper reviews the literature associated with the use of NHE for ARF players and questions the appropriateness of this exercise approach as a preventative measure for hamstring injuries in this sport. When considering the use of a preventative exercise program, such as the NHE, the specific risks associated with the sporting activity should be considered and the evidence reviewed in light of this. Whilst NHE provides an easy way to do eccentric exercises, the movement does not replicate what is needed in the real world for ARF and should therefore be included in a hamstring injury prevention program in this code with caution.
Introduction
The Nordic hamstring exercise (NHE), also known as the "Russian hamstring exercise", is widely promoted in the literature for the prevention of hamstring injuries. The exercise involves the athlete leaning forward from a kneeling position, using the hamstring muscles to control the forward motion of the body (see Figure 1 ). The NHE is commonly performed with the assistance of a partner, who stabilizes the heels/lower legs, or it may be performed with the ankles mechanically anchored. This movement involves eccentric contraction of the hamstrings muscle using a reverse origin-insertion motion. The attraction of NHE is that no equipment is required, making it widely accessible. This review explores the evidence associated with the use of NHE in Australian Rules Football (ARF).
The NHE is recommended as a key exercise to develop hamstring strength in ARF training and lower limb injury prevention guidelines, as evidenced by the "Footy First" training program. 1 Developed in 2011 by the National Guidance for Australian Football Partnerships and Safety Project research team, the "Footy First" training program is endorsed by the Australian Football League (AFL) Medical Officers Association, AFL Physiotherapists Association and the AFL Sports Science Association. This program prescribes the NHE as the primary exercise in each of the five 4-week duration levels of training across a 3-4-month graduated training program. For example, it is prescribed in the following repetition doses of 6; 2 x 5; 2 x 8; 2×10 and 2×12 repetitions, across 5 progressive training levels, completed twice a week for 20 weeks. The stated specific aim of the NHE is to strengthen the hamstrings to help prevent against hamstring injury.
Hamstring injury mechanisms
Hamstring injuries occur most commonly at the end of swing phase, when substantial hamstring eccentric contraction occurs to decelerate hip flexion and knee extension 2, 3 or at the initial stage of the stance phase 4 when the hamstrings act as a transducer of power from the knee and hip joint against the ground reaction force. 3 Whilst hamstrings have a relatively high proportion of fast twitch type II muscle fibers which can produce large forces, 5, 6 their bi-articular nature makes them susceptible to strain during the powerful eccentric muscle contractions seen at the end of the swing phase of running. 7 This ballistic open chain movement, also seen after an athlete kicks a ball and controls the forward momentum of the leg, is known to preferentially recruit multi-joint muscles like the hamstrings. 8 At the initial stage of the stance phase of sprinting, hamstring injuries are potentially more likely in athletes with poor technique or gluteus maximus weakness, as the gluteus maximus should be the primary hip extensor in sprinting. 9 If the gluteus maximus is weak, the hamstrings may be required to contribute more force to hip extension, potentially predisposing to injury. 3 Functionally, hamstring injuries occur most commonly when accelerating and/or running at maximum speed [10] [11] [12] with the functional demands on the hamstring muscles differing during these two running demands. During the terminal mid-swing of maximum-speed sprint, the semitendinosus (ST) muscle shows higher activation than that of the biceps femoris long head (BF(lh)), 13 whilst in the early stance phase of the acceleration sprint, the relative EMG activation of the BF(lh) muscle is significantly higher than that of the ST. 13 Opar et al 14 measured eccentric hamstring strength in professional ARF players at the commencement and conclusion of preseason training and at the midpoint of the season. They showed that low levels of eccentric hamstring strength increased the risk of hamstring strain injury.
Hamstring injury prevention in ARF
A number of studies have suggested that a program of NHE was effective in reducing hamstring injury rates in a range of football codes, such as rugby 15 and soccer. [16] [17] [18] Arnason et al 16 reported that hamstring strains were 65% lower in soccer teams that used an NHE training program, compared to teams that used hamstring flexibility training programs alone (p<0.01). A systematic review and metaanalysis on the effectiveness of injury prevention programs in soccer also reported a considerably reduced risk (risk ratio: 0.490 (95% CI0.291-0.827, p=0.008)) of hamstring injury in those programs that included NHE compared to control programs. 19 The AFL reports the injury incidence for new hamstring injuries per club per season as averaging 5.14 new injuries between 2013 and 2017. 20 Whilst the use of NHE training to increase hamstring strength is tempting in ARF, the evidence for its use in reducing the risk of hamstring injury remains mainly in the domain of soccer, with very few studies assessing the efficacy of NHE in reducing hamstring injury in ARF. Gabbe et al 21 assessed the effects of eccentric exercise on the occurrence of hamstring strain injuries in amateur players from seven ARF clubs, with 114 athletes in the intervention and 106 in the control group. NHE produced significant postexercise soreness in this study, possibly due to the very high volume (12 sets of 6 repetitions) and lack of gradual progression. Consequently, there was very poor compliance by the intervention group and no statistically significant effect detected, although the intervention showed a trend towards preventing hamstring injuries (p=0.098). The authors recommended that a modified eccentric exercise program that produced less delayed onset muscle soreness be considered for future investigation. ARF shares many traits with soccer, as both can be characterized by regular running/walking, with intensity ranging from short duration maximal effort sprints to low-level jogging, and both involve kicking a ball. However, whilst the kicking action starts in a similar position, in ARF kicking typically ends with a much higher level of hip flexion and through a far greater range of movement, as the player kicks the ball from his/her hand and usually aims high -resulting in a longer follow through of the kicking leg. Ball 22 Figures 2 and 3 ). In both kicking actions, the knee is approaching full extension, suggesting that hamstrings are at a greater stretch during ARF kicking. ARF also has several other fundamental characteristics which are distinct from soccer and which affect the hamstrings differently. For example, ARF involves frequent bending forward to pick the ball up from the ground whilst running at pace, requiring the hamstrings to operate in a considerably lengthened position, particularly over the hip joint.
Effect of NHEs on hamstring performance
Performance of NHE has been shown to have a number of effects on muscle performance and architecture. The NHE elicits changes in muscle performance and mid-range torque dynamics which could be effective in reducing hamstring injuries. For example, Mjolsnes et al 24 Reflecting the specificity of exercises such as NHE, these changes in hamstring eccentric strength were accompanied by changes in the position of peak torque. Clark et al 28 reported a 19% increase in the position of peak torque knee flexion angle toward full knee extension (~32 cf. 26 deg, .01) following NHE performed twice weekly for four weeks in amateur ARF players. This is indicative of a rightward shift in the length-tension curve of hamstrings function toward knee extension. This is not surprising, as the NHE involves a very limited range of hip movement with the main action of the hamstrings involving control of the degree of knee flexion, with the hip maintained at a relatively fixed angle. The effect of the NHE on hamstring eccentric strength and position of peak torque during functional activities involving knee extension and hip flexion as seen during high speed running and ARF kicking remains unclear. Mjolsnes et al 24 observed an 11% increase in the hamstrings: quadriceps ratio (from 0.89 to 0.98, p<0.01) in the NHE group compared to a traditional hamstring curl exercise over a 10-week period, which they reported reflected the lack of effect on concentric quadriceps contraction. This was in contrast to Clark et al 28 It is unknown, and we believe highly unlikely that NHE leads to hypertrophy and increased strength of the hamstrings muscle during eccentric knee flexion and hip extension in the fully extended end range of movement of the hamstrings where the muscle is at its weakest and most vulnerable. In the NHE, the hip is maintained in neutral and therefore the hamstrings never work in a position of full knee extension AND hip flexion. It has been proposed that exercise at longer muscle lengths than those observed during the NHE may be more effective at increasing hamstring fascicle length, 32, 33 an apparent risk factor for hamstring injury. Another potential area of concern is the effect of a high load eccentric program such as the NHE. Gabbe et al 21 in a group of community-level ARF players found that the acute impact of eccentric training -such as that involved in NHE, commonly invokes the onset of considerable delayed muscle soreness on movement, tenderness to touch, muscle weakness and reduction in range of motion, particularly in the early stages of training. 39 The exerciseinduced muscle damage associated with eccentric exercise is manifested in short-term performance decrements in power output, strength, jump height, sprinting, balance, agility and range of motion, [40] [41] [42] [43] all factors which are key in ARF. Eccentric exercise-induced muscle damage peaks 72 hrs following exercise and can take up to 5-7 days to return to normal. 44 As the short-term impact of eccentric exercise in the early stages of a training program can affect performance for an extended period of time after a strenuous bout of eccentric exercise before full recovery, the scheduling, intensity and timing of NHE during the season and between matches are critical. Importantly, research on young female adults has shown that strength loss resulting from eccentric exercise outlasts the incidence of pain and soreness. 45 In their study, isometric strength of the elbow flexors remained over 20% lower 11 days after the initial bout of eccentric exercise (P<0.01), despite the absence of any pain on movement. The absence of pain may reduce awareness of the longer lasting muscle weakness and increase vulnerability to injury, particularly when the muscle is exposed to high forces at long or short muscle lengths. Whilst the post-eccentric muscle soreness is magnified in less trained individuals compared to trained athletes, the post-exercise changes related to heavyloaded eccentric exercises in well-trained individuals remain unknown. Mendiguchia et al 30 identified post-NHE changes in BF(sh) using MRI 72 hrs after a set of 5×8 repetitions in national-level athletes.
Effect of NHE on hamstring morphology
Contrary results have been found related to the effect of NHE on fascicle length;, NHE has been shown not to increase hamstring fascicle length over a 6-week period. 15 Guex et al 35 found that NHE increased fascicle length over a 3-week program, but not as much as eccentric exercises performed in hip flexion (fascicle length increase 4.9% cf 9.3%, p<0.001). Bourne et al 29 reported increases in BH (lh) fascicle length following NHE but no more than with a hip extension eccentric exercise program over 5 weeks. Increases in BH(lh) fascicle length following NHE have also been reported by Presland et al, 36 Alonso-Fernandez et al 37 and Lovell et al. 38 However, none of these studies compared the fascicle length changes to other eccentric exercise programs. We believe that a focus on NHE as a significant component of a hamstring prevention intervention may not be the answer to the current high incidence of hamstring injury in ARF. Clinicians should account for the complex neuromuscular mechanisms within the hamstring muscle unit, particularly involving the BF(lh) and theST muscles, during both prevention and rehabilitation programs.
Practical applications
Sports-specific (and movement-specific) training is critical for ARF. Whilst the NHE provides a convenient way to do eccentric exercises, the movement does not replicate what is needed in the real world for ARF. In ARF, the hamstrings are required to work to control the momentum of the kicking leg as it flexes to end-range hip flexion and knee extension in an open kinetic chain activity with a fixed origin. This range of hip movement and subsequent lengthening of the hamstrings are much greater in ARF compared to a typical kick in soccer. ARF also requires a strong eccentric/concentric contraction as the player leans forward to pick a ball up on the run, involving a closed kinetic chain, reverse origin insertion motion. All of these require high levels of neuromuscular control between the BF(lh) and ST. We believe the NHE should therefore form only a small part of a more holistic hamstring injury prevention program, along the lines which have been recommended more recently for soccer. 46, 47 This preventative program should consider the specificity of movement in ARF, such as high-speed running, high-speed accelerations and recognition of the need for both knee flexor and hip extensor strength (NHE effective for the former but not the latter).
Conclusions
The NHE does not provide the benefits of sports specificity and therefore should be included with caution in a hamstring injury prevention program in ARF. Specific issues associated with NHE include the following:
(a) The NHE does not exercise the hamstring group of muscles into their elongated range, (b) The NHE focusses on knee flexor eccentric muscle torque, not hip extensor eccentric muscle torque, , (c) In high dosages, the NHE may lead to muscle weakness and changes in muscle performance that last up to 72 hrs post exercises, (d) The hamstring neuromuscular recruitment pattern during NHE may not reflect the pattern required during functional activity required in ARF.
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